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Wound healing effects of cactus extracts (CEs) were studied in this work. The aqueous extract (CAE)
and ethanolic extract (CEE) each showed a slight to moderate wound healing effect on second-degree
superficial burned mice. However, a combination of CAE and CEE (CME) showed great healing efficacy.
At 25% concentration (w/w), CE produced highly efficient healing. The wound healing time for mice
treated with CE, especially with CME, was shortened with statistical significance (p<0.05) relative to
control mice. Granulation tissues of wounded mice treated with CE grew much better than that of
wounded mice without CE treatment. Stimulation by CEs can produce relatively more blood vessels and
fibroblasts at the injury sites. In addition, CE was revealed to promote blood vessel angiogenesis by up-
regulating expression of vascular endothelial growth factor (VEGF). The combination of cactus CAE
and CEE shows a substantial synergistic wound healing effect for second-degree burned mice. The
current work also provides novel information regarding the effect of CE on accelerating the tissue-

repair and wound-healing processes in vivo through regulation of VEGF.
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INTRODUCTION

Burn wound repair involves dynamic reciprocity between
cytokine cells and extracellular matrix. The process is
divided into three phases including inflammation phase, a
proliferation phase and a tissue remodeling phase
(Radek et al., 2005). The tissue repair and wound healing
processes might be impeded by a variety of factors
contributing to impaired wound healing (Singer et al.,
1999). Vascular endothelial growth factor (VEGF) has
proved to be a potent stimulator of migration, proliferation
and survival in endothelial cells (Senger et al., 1996;
Leung et al., 1989; Syridopoulos et al., 1997). VEGF is
critical to proper wound-repair in stimulating angiogenesis
to supply nutrients and oxygen needed for skin regrowth
(Wilgus et al., 2005). The cactus extracts in this study are
from the genus Opuntia, but we will use the common
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term cactus hereafter. Cactus is rich in a variety of
alkaloids, flavones, glycosides and polysaccharides (Lin
et al., 2002).

Cactus and cactus products have shown anti-
inflammatory, immunomodulatory and anti-oxidative
activities (Huang et al, 2009; Park et al., 2001;
Schepetkin et al., 2008). Cactus has been used
extensively in Chinese traditional medicine for treatments
of lung disorders, skin diseases and blood circulation
diseases. In this work, we aim to investigate the wound
healing effect and mechanism of action of aqueous
extract (CAE) and ethanolic extract (CEE) of cactus on
second-degree burn wound healing. Surprisingly, the
mixture of CAE and CEE (CME) showed a much better
healing effect than individual CAE and individual CEE.
The wound repair process of second-degree burned mice
was significantly shortened following CME treatments.
VEGF protein was up-regulated in response to CE
treatment by accelerating blood vessel angiogenesis in
wound repair process.
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MATERIALS AND METHODS
Plant material and experimental animal

Wild cacti of the genus Opuntia dillenii Haw were obtained from
Shantou, China. SPF mice with body mass of 22.0 £ 2.0 g were
provided by the Specific Pathogen Free Animal Laboratory of
Dalian Medical University with a burn protocol approved by a
committee of Liaoning Province with the approval number: (Liao)
SCXK2008-0002.

Cactus aqueous extract (CAE)

The spines were removed from the wild cactus. 300 g of cactus
were then minced and homogenized. Aqueous extraction was
performed by soaking the homogenized cactus in 400 ml distilled
water at room temperature overnight. On the next day, the
supernatant was collected by centrifugation. The insoluble material
was soaked in 250 ml distilled water for a second aqueous
extraction. The two extracts were combined and lyophilized. The
dry powder of CAE was stored at -20C.

Cactus ethanolic extract (CEE)

The ethanolic extraction of cactus was performed according to the
extraction process of CAE by using 95% ethanol instead of distilled
water.

Second-degree superficial burn injury of mice

Mice were burned with a protocol (SCXK2008-0002) approved by
Animal Advisory Committee of Liaoning Province to ensure the
mice did not suffer excessively. Mice were anesthetized with ether
and their dorsal hair was removed with an 8% (w/v) NaxS solution.
After 24 h, the mice were anesthetized again and burned with a
circular pan needle (1.5 cm ID, self made) for 3 s under preheated
to 99°C by electric heating in the hairless area thus producing
second-degree superficial scald.

Cactus extract treatment

CAE and CEE powders were dissolved in saline. The mice with
superficial second degree burn injury were randomly divided into
eleven groups with twelve mice per group. Then the mice were
treated with low dosage (6.25%, w/w), median dosage (12.5%, w/w)
and high dosage (25%, w/w) of CAE, CEE and CME (a 1:1 mixture
of CAE and CEE) once a day. The healing effects of cactus extracts
on mouse skin wound recovery were observed and compared. A
complete healing is defined by all the scabs falling off from the
injury site. Mice treated with saline served as control mice.
Additional controls were mice treated with a drug called
Jingwanhong (JWH), commonly used in China for burn wound
treatment. The wound scalds were observed daily following
application of the cactus extracts.

Histological and pathological observation

Three mice from each group were scarified on the fifth day and
twelfth day following second-degree superficial burn injury. The
granulation tissues were obtained by normal resection, cut as 7 ym
serial sections, fixed in peraformaldehyde, stained with hematoxylin
and eosin. The histological changes were visualized with a light
microscope. Following the cactus extract and drug treatment, the

selected sections were scanned at 200x and 400x magnification for
visualizing the number of blood vessels, fibroblasts and fibrocytes.

Western blot analysis

Three mice from each group were scarified on the third and seventh
days following treatment. Then the wound regions of skin were
resected, minced and sonicated in ice-cold Tris-HCI buffer (0.01 M,
0.9% NaCl, 0.2 mM EDTA, 0.1 mM DTT, pH 7.4). The supernatants
were collected by centrifugation at 10000 g for 15 min at 4°C.
Protein concentrations of the samples were determined by a
Bradford assay for Western blot analysis. Equivalent amounts of
protein from each samples were resolved by 15% SDS-PAGE and
transferred onto nitrocellulose membranes. B-actin (Boston Co.,
Ltd, USA) was used as the internal standard. Membranes were
washed three times for 10 min with PBS-T buffer (0.5% Tween-20)
and blocked in nonfat milk (5%) PBS-T for 1 h at room temperature.
After extensive washing with PBS-T buffer, the membranes were
then incubated with VEGF antibody (Boston Co., Ltd, Wuhan,
China) with shaking overnight at 4°C. Finally, the membranes were
incubated with goat anti-rabbit 1I9G (H+L)-HRP (Boston Co., Ltd,
USA) at room temperature for 2 h. The protein bands detected by
antibodies were visualized by DAB staining and evaluated by
Quantity One 4.4 software (Bio-RAD, USA).

Statistical analysis

Data were expressed as mean + SD. SPSS 11.5 software was used
for all statistical analysis of data. One-way ANOVA analysis of
variance was used to determine the significance in two
comparisons. Statistical significance was set at p<0.05.

RESULTS AND DISCUSSION

The combination of CAE and CEE shows a
synergistic healing effect on second-degree
superficially burned mice

Cactus and cactus products have shown great anti-
inflammatory, immunomodulatory, anti-cancer, and anti-
oxidative activities (Alarcon-Aguilar et al., 2003; Huang et
al., 2009; Ji et al., 2005; Li et al., 2005; Park et al., 2001;
Schepetkin et al., 2008; Wang et al., 2004; Zou et al.,
2005). However, no studies have been published
regarding its healing effect on second-degree superficial
burn wounds.

The mixture of CAE and CEE began to show a clear
burn wound repair effect on the burn-wounded mice in 48
h. The skins of injured mice were swollen obviously. And
the wounds from all mice were scabbed and dried three
days after the injury. Figure 1 shows the healing times for
mice from different groups. The natural healing time for
burn-wounded mice was 16.7 + 0.3 d. The healing time of
Jingwanhong (JWH) treated mice was 15.0 + 0.6 d
(Figure 1). The healing times for the mice treated with
6.25, 12.5 and 25% CAE were 16.8 £ 0.5d, 16.1 £ 0.7 d,
15.9 + 0.3 d. For the mice treated with 6.25, 12.5and 25%
CEE were 16.0 £ 0.7 d, 15.7 £ 0.3 d and 15.2 + 0.2 d.
The 1:1 mixture of CAE and CEE showed strong effects
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Figure 1. The wound healing effects of CAE, CEE and CME on second-degree
superficial burned mice and the comparative analysis with JWH drug treatment.
The notes of saline and JWH represent that the mice were treated with saline
and Jingwanhong a popular Chinese traditional medicine drug commonly used

in China for burn wound treatment.

on skin burn wound repair. The healing time for the mice
treated with 6.25, 12.5 and 25% CME were 15.7 £ 0.3 d,
15.0 £ 0.6 d and 13.0 = 0.6 d, respectively (Figure 1).

The results indicated that CAE showed slight healing
effect. CEE with the concentration of 25.0% (w/w) could
shorten the recovery time by 1.5 d. However, CME
showed significant burn wound healing effect. It could
decrease the healing time for second-degree superficial
burn wounded mice by 22% (3.7 d, 33 replicate samples)
comparing to the mice only treated with saline. CME even
showed better recovery effect than JWH that is a popular
drug commonly used in China for burn wound treatment
(Figure 1). The CME with the concentration of 25% (w/w)
could shorten the recovery time for burn wounded mice
by 2 d comparing to JWH-treated mice. The above
results clearly indicated that the mixture of CAE and CEE
with a ratio of 1:1 in w/w unit showed highly improved
healing effect on second-degree superficial burn injury
mice comparing to individual CAE and individual CEE. It
reveals that a magic synergistic correlation existing
between CAE and CEE for accelerating burn wound
healing process.

Pathological investigation of burn-wounded skins
following treatments of cactus extracts

On the fifth day after injury, the majority of burn surface
area sections of mice treated with 6.25% CAE were
necrotic with slightly infilirated dermal congestion. For the
mouse treated with 12.5% CAE, its derma was still

congested with increased neutrophil. However, for 25%
CAE treated mice, reduced congestions and increased
neutrophil were observed. As for 6.25% CEE treated
mice, the scalded area had a large number of necrotic
exudates with dermal congestion and edema. Dermal
congestion was mitigated in 12.5% CEE treated skin
section. While for the 25% CEE treated mice, dermal
congestion and edema were observed disappeared and
small granulation tissue appeared. Figure 2A indicated
that on the fifth day following 6.25% CME treatment, the
organization had no congestion and edema. A small
amount of granulation tissue appeared. Following the
increase of CME concentration, the granulation tissues
were observed increased significantly (Figures 2B and
C). Most of the scalded skins of burned group mice were
necrotic with severe congestion and edema. In most of
scalded skins treated with JWH, congestion, edema and
mild inflammatory reaction were observed.

On the twelfth day following 6.25% CAE treatment, the
skin sections of wounded mice showed skin necrosis,
subcutaneous abscess formation and inflammatory
granulation tissue. Inflammatory granulation tissue and
slight skin regeneration were observed for 12.5% CAE
treated mice. Small granulation tissue began to appear
for 25% CAE treated mice. For 6.25% CEE treated mice,
granulation tissue proliferation apparently began to
replace the exudates. For the wounded mice treated with
12.5% and 25% CEE, apparent proliferation of
granulation tissue replaced the exudates. For burned
mice treated with 6.25% CME, inflammatory granulation
tissue and skin regeneration were observed (Figure 2D).
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Figure 2. Histological investigations of the burn-wound healing effects of CME on mice burn-wounded skin. Plots
2A, 2B and 2C show the photographs of wounded-skins of mice following the treatments of 6.25, 12.5 and 25%
CME on the fifth day. Images are obtained with a magnification of 200x. And plots 2D, 2E and 2F show wounded-
skin photographs of mice following the treatments of 6.25, 12.5 and 25% CME on the twelfth day. Images are

acquired with a magpnification of 400x.

Table 1. Effect of cactus extract on granulation tissue at the 5th day.

Treatment Vascular number’ Fibroblast content (%)
6.25% (CEE) 2.40+1.36 21.45+2.72
12.5% (CEE) 4.80+1.46 19.57+2.17
25% (CEE) 4.80+0.97 17.82+2.50
6.25% (CAE) 6.00+1.22 24.47+1.05
12.5% (CAE) 6.80+0.86 24.81+5.29
25% (CAE) 6.40+1.44 15.19+2.20
6.25% (CME) 4.40+0.68 21.83+2.66
12.5% (CME) 8.4040.51 18.54+2.11
25% (CME) 10.40+0.68 17.00+2.36
Saline 3.00+0.63 11.5340.60
JWH 4.60+1.17 15.19+2.20

* The results were represented as the mean + SD obtained from 33 sample replicates.

For 12.5% CME-treated injury mice, more epidermal
regeneration and granulation tissue (Figure 2E) were
visualized.

As for the mice treated with 25% CME, granulation
tissue clearly replaced the exudates (Figure 2F) with
better epithelium regeneration and regeneration of skin
appendages.

For JWH-treated mice, granulation tissue and
epidermal regeneration were clear. However, for the burn
injured mice without treatment, only a small amount of
granulation tissue was observed. No obvious skin
regeneration was visible.

CAE, CEE and CME induces more blood vessels and
higher content of fibroblasts

Basically, comparing to the mice treated with saline,
relative higher vascular numbers and fibroblast contents
were observed in granulation tissues of the mice treated
either with CEE alone or with CAE alone for 5 (Table 1)
days and 12 days (Table 2). And these increases were
consistent and comparable with the vascular number and
fibroblast content increase induced by JWH. Considering
the facts that the healing effect of CAE is slightly weaker
than JWH and the healing effect of CEE is comparable
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Table 2. Effect of cactus extract on granulation tissue on the 12th day.

Treatment Vascular number’ Fibroblast content (%)*
6.25% (CEE) 4.00+0.95 24.33+3.24
12.5% (CEE) 6.00+1.48 17.67+4.19
25% (CEE) 4.80+0.83 22.31+4.14
6.25% (CAE) 6.00+1.79 15.94+1.52
12.5% (CAE) 4.80+0.86 21.25+3.97
25% (CAE) 4.80+0.66 18.91+2.20
6.25% (CME) 5.20+1.46 30.63+6.35
12.5% (CME) 9.80+1.85 19.75+1.72
25% (CME) 7.00+0.32 30.18+4.67
Saline 2.40+1.44 13.26+0.84
JWH 4.80+0.86 25.95+4.07

*The results were represented as the mean * SD obtained from 33 sample replicates.

with JWH, we might get this conclusion that more blood
vessels and relative higher fibroblast content are
potentially in favor of burn wound repair process. VEGF
has been proved to be a potent stimulator of migration,
proliferation and survival in endothelial cells (Singer et al.,
1996; Leung et al., 1989; Spyridopoulos et al., 1997). Itis
critical to proper wound-repair by stimulating
angiogenesis for supplying the nutrients and oxygen
needed for skin regrowth (Wilgus et al., 2005).

Once CAE was mixed with CEE, the vascular numbers
in granulation tissues flowing treatments of high
concentrations of CME were found increased
dramatically both at early stage and late stage of healing
process comparing to the mice either treated with saline
or JWH (Tables 1 and 2). And the fibroblast contents
increased significantly in the CME-treated granulation
tissues comparing to those of tissues of the mice treated
with saline alone. In addition, the levels of fibroblast
contents in granulation tissues of CME-treated mice were
averaged higher than those of JWH-treated mice (Tables
1 and 2) at both early and late stages of superficial
second degree burn wound repair. Taken together, the
above results clearly indicated that cactus extracts
potentially accelerate burn wound healing by keeping
relative more blood vessels and relative higher contents
of fibroblasts.

CME up-regulates VEGF expression level in burn-
wounded skin

Wound repair is a process that granulation tissue
gradually replaces necrotic tissue. Abnormal expressions
of growth factors including VEGF, FGF and PDGF are
involved in this process (Ferreira et al., 2003; Galliano et
al., 2004; Judith et al., 2010; Presta et al., 2009) by
affecting the nutrient substances necessarily supplied for
angiogenesis. We hypothesize that cactus extract might
be associated with VEGF in burn wound repair.

Protein expression levels of VEGF in wounded mice
skins of different groups were examined by Western blot
analysis on the third and seventh days after burn injury.
Comparing to the mice treated with JWH, the VEGF
levels in CME-treated mice skins on the third and seventh
days were up-regulated by 149 and 132% (Figure 3),
respectively, which implies that the up-regulation of
VEGF protein benefits burn wound healing. The VEGF
expression was significantly increased in responding to
CME (12.5%) stimulation in burn-wounded mouse skin.
The protein expression levels in mouse wounded skins
on the third day and the seventh day following CME
treatment were 2.22-fold and 1.98-fold of that in JWH-
treated burn wound skin (Figure 3). Our previous results
already indicated that wound repair process of second-
degree burned mouse skin was significantly accelerated
especially following the treatment of CME. Herein, VEGF
expression was significantly up-regulated in burn-
wounded mouse skin responding to CME stimulation. It is
clear cactus extract up-regulates VEGF expression in
mouse wounded skin, which in return stimulates
angiogenesis for supplying nutrients and oxygen for skin
regrowth. Consequently, a shortened healing process of
second degree burn wound repair is achieved.

Conclusion

The mixture of aqueous extract and ethanolic extract of
cactus (CAE and CEE) shows stronger healing effect on
second-degree superficial burn injury mice than each
individual one. A magic synergistic correlation exists
between CAE and CEE for accelerating burn wound
healing process. Cactus extracts (CEs) can alleviate the
congestion of edema, reduce the necrosis of tissue at
early stage of burn wound repair. CEs can also increase
the proliferations of fibroblasts and neutrophils at the
injury sites during the healing. Moreover, CEs promote
the formations of capillaries and granulation tissues. CEs
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Figure 3. The expression of VEGF in 12.5% of CME treated group, saline group and JWH treated group by Western blot
analysis. Plot 3A show the protein expression of VEGF on the third day in 12.5% of CME treated group, saline group and JWH
treated group. Plot 3B show the expression of VEGF on the seventh day in 12.5% of CME treated group, saline group and JWH

treated group. And Plot 3C shows the relative expression ratio of VEGF.

favor the regenerations of skin and appendage at late
stage of burn wound recovery. More blood vessels and
relative higher contents of fibroblasts induced by CEs
stimulations potentially accelerate burn wound healing.
We also find that cactus extract can up-regulate the
expression of VEGF in wounded mouse skin. The up-
regulation of VEGF benefits skin re-growth by shortening
the healing process of second degree burn wound.
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